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ABSTRAC T 

Soft wheat s t ored a t v arious l e vels of moi sture conten t in experi 

mental and pilot scale silos unde r nitro g en and air was anal ysed as 

to its rheo log i c al and baking properties. 

It could be shown that preservation in par t i al or to t a l a no xia o f 

the grains never induc ed any impairment of t he tech no l og ical qual i ty 

of the flour c b tained either by e xperimen t al or i ndustrial mi ll ing 

and analysed by farinogram. extensog ram, Chopi n alveo g r am and bre ad 

-making tests. At medium a nd high mois ture contents a p r otec tiv e 

effec t:,f the nitrogen atmosphe re was obse r ved . 

Similar data were obtained f o r du r um whe at s t o r ed at pi l ot sca le 

in techn i c al nitrogen. 

I NTRO DUCTION 

Eval uat ion o f t he techno logical qual i ty o f the mate rial to be 

s t o red is essential fo r any inv e s ti gati o n on t he pre s ervat i on of 

cereals in an ine rt atmo sphe re. Our purpo se wa s t o study ~he rheo l og 

ical chara~te r istics o f flo ur o bta ined fro m s o ft whea t s to r ed at di: 

ferent h umi di ty degre e s and of durum wheat s e mo l ina . 

MATERI ALS AND ~lli T HODS 

Soft whe a t of d i fferent var i et i es and durum wheat were tested at 

natural or a r t i fic i a ll y incre as d moisture contents. 
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Paramete rs taken in to account for the rheological study were t h ose 

generally used in compre hensi ve inve s tigations on dought s and thus 

apt to evident iate the dough st ructure: 

Farinogramme ( ICC Standard 115) 

Brabe n de r e xte nsogramme (ICC Standa rd 114) 

Alveogramme ( ICC Standard draft 121) 

Hagberg-Perten method (ICC Standard 107) 

Baking test (Lombardi et al. 1976). 

Each one of these parame ters a llows to evaluate differen t quality 

feat ures of doughs ; we thus judge it necessary to empl oy al l of th m. 

The semo lina analyses '.'ere: moisture c on t en t , pro t e i ns. g l uten, 

fari nogramme. On wheat itself a ge rmi nat ion t est and fu ngus count 

were also carried out. 

Exper i me n t al mi ll ing of wheat samp l e s was c arr i ed ou t wi th a 

SGhler MCK 201 mill, which , in its r educe d diagramme ( 3 b r eakage 

cylinders and 3 re -mi lling cylindres), conforms pe r fectl y to indus 

trial mills. Industrial milling wa s car ried out by the Pietro Ago sti 

nelli Mi ll, Rome. 

RE SU LTS AND DI SCUSSI ON 

Long term storage of dry soft wheat 

Our experiments were carr ie d ou t on wheat, vari e ty "Marzo tto", 

stored in nitrogen,a tmos p he re f o r 5 y e ars at 10 .5% in it ial mOi s ture 

content (increased up to 12% during the secon d ye ar) . 

After 5 years, f l our o f the sample s tored in ni t r ogen was compared 

t o t hat of the same wheat stored under normal ai r venti l ation. 

Comparison of the paramete rs ( table 1) shows tha t : 

t h e deg r ee of s often i ng of bo th samp l es is i de n tical 

ex te ns i graph ic indexes exhibit , on the contrary, an eV ident dif 

ference : incre ased resi s t a nce and decreased e x tensibili ty of dough 

fro m n it rogen atmosphere sto red wheat, whic h gives an R/E ratio of 

pa r t ic u l ar significance (0 . 95) 

alveographic data a l so ind i cate that the ni trogen stored sample 

has a more ma r ked tenacity 

the Hagberg-Perten index gave i dent ical value s f o r both samples . 
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Tabl e 1 - Rheological parameters of soft whea t " C . Ma rzotto" fl our 
store d i n a ir a nd i n nitrogen for 5 years 

Parameters Af t er 5 yea r s sto r a g e 
in a ir in ni t rogen 

F RI NOGRAMME 
Re sis tanc e ( sec ) 
Degree o f s oftening (B . U. ) 

EXTEN SOGR AMM E 
Res i sta n c e (R ) ( e m) 
Ex t e ns i b il ity (E) ( e m) 
R/E 

ALV EOGRAMME 
Stab ility (p) ( mm ) 
Exte n s ib ili ty (L ) ( mm) 

3
Defo r mation work (W) ( erg 10 ) 

HAG BE RG- PER EN INDEX 

5'45" 4 ' 30 " 
'~1 S 9 5 

8. 8 13. 5 
1 8 . ~~ 14.1 

0.4 7 0.9 5 

6:2 .7 109 .5 
9 5 .0 85.0 

', 'l4.4 286=4 

392 39 2 

The baking t e st h a s resul t e d in bread o f normal smell and normal 

colour, almost undi s tingui s hable for bot h s amp l es, t he on ly di ffe ~

enc e be i ng the porosity (t he a lveo li form was more r e gu lar in the 

bre ad o btaine d from the samp le stored in nitr gen) . 

Our r esu lts show tha t ni t r oge n s torage had no negative effect on 

do ugh , but on the contrary improve d i t by i ncreas i ng the R/E ratio. 

Dry soft wheat storage in a pi lot scale p l an t 

Whe at samp l es o f vari ety " Marzotto" , store i n si l o s wl th nitrogen 

at mosphe re fo r 58 week s , were analy s ed . The suf f i c i ent a mount of 

s t ored wheat (22 tons) enable us t o c arry out a n i ndust r ial milling 

and hus t~ c o mpare he ata wi t h t ho se obtaine d by experimental 

mill ing. 

By compar i ng t ime a and time 58 we ks (table 2 ) t he r e sults are: 

no d i ffe renc e in far i nographic i nd exe s 

elast ic i ty i ncrease in the nitrogen stored sampl e with reSistanc e 

dec rease fur ther c onf irmed by a r e duced tenacity according to the 
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Tab le 2 - Rh e o logi cal pa r ameter's o :f f lour obtained by indust r ial 
mil li ng o:f s o:ft wheat "C. Marzotto" s to red in ni trogen 
:for 58 we eks 

Paramete rs Time "0 " After 58 week s 

FARI OGRAMME 
Res i s t ance (s ec ) 6' 15 " 6' 30 " 
Degre e of s ofteni ng (B . U , ) 8 0 80 

EXTENSOG RAMME 
Res i stance ( R) (em) 8 . 5 6.8 
Ex stens i bility (E) ( em ) 14 . 7 1 6 . 4 
R/E 0.5 8 0.41 

AL VEOGR AMME 
S t a bi l i t y ( p) (mm) 9 1.7 68 .5 

Ex t nsibility (L) ( mm ) 
Defo r mat ion wo rk ( w) ( erg 

3
10 ) 

5 5 .0 
1 7 6 .4 

9 5. 0 
H l7 .0 

HAGBE RG- PERT EN I NDEX 3 86 3 54 

Ta b l e 3 - Rh eologi c a l parame t e rs of s oft wheat ' Cappe l le" :f lour 
a t c r itical mo i sture content a t tr i al' s s tart (T ime " 0 " ) and 
af te r 32 week s storage i n ai r and i n techn i c al n i t r ogen 

ti D !!Par ame t ers T ime A:fter 32 wee k s storage 
i n air in ni roge n 

FARINOGRAMME 
R sistance (sec) 3' 00" 2 ' 10" 1' 55" 

Degre of soften ing ( B. U,) 110 11 0 105 

EXTENSOG RAMME 
Res i stanc e (R ) ( e m) 7 .9 5 . 5 6.8 
Extensib i li ty ( E ) ( cm) 1 5 . 6 1 9 . 7 1 7 . 7 

R/E 0.50 0 . 28 0.39 

ALVEOGRAMME 
Stab ility (p) (mm) 38. 6 40. 9 39. 9 

Exte n s ib i l ity ( L) (mm ) 
3 

De fo rmat ion work (w ) ( erg 10 ) 
9 8 .0 

124 . 0 
125 
149 . 3 

88. 0 
11 3.2 

H GBE RG - PERTEN IND EX 2 15 1 74 19 5 
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al veograrrome. 

The ba king t es t shows no notewor thy di f ferences. 

Nitroge n sto r age fo r one years do e s not af f e ct the dough struc t ure 

obtained f r om fl o u r of wheat store d in t h is way. 

Storage o f so f t whe at at cri t ical mo isture cont en t 

This sotudy conce rns a French sof t It,heat "Cap pe l le " var i~ ty , s t ored 

in two di f f eren t silos in a Or and i n tec hni c a l n i trogen at mosphere, 

at critical moi s ture conten ts (i .e . at 14.5%). 

The comparison (tabl e 3) s hows : 

an e ssenti a l uni f orm i ty betwee n the degree o f soften ing 

a highe r R/E ra tio of the sample stored i n nitrogen with respect 

to the o ne sto red i n air, a lthou gh bo th rat ios a r e lower thfln the "0 " 

time level 

r educed al ve ographic e xten s i bi li t y ( L) of the ni t r ogen samp l e , 

whi l e t he st ab il i t y va l ue ( P) is almost const an t . 

Soft wheat storage at overcritical mo is ture content 

In this experimen t the same analyses were r epe a ted on samples qf 

different varieti e s stored und e r the above cond i t i ons ( see "cri t i cal 

moisture content"), their mo istu e c ont en t h avi ng been increased 

artifi c ia l ly t o the leve l of 1 7 .4% to 18 .0%. 

The comparis on (tab le 4) shows : 

the degree of sof te n ing i ndica t e s a better stab il ity of t he sample s 

stored in nitro gen, e xc e pt fo r t h e " Mar zo t t o " var ie ty 

exten s i g raphic data show a gene ral i ncrease o f r esi stance and a 

decrease of ex ten s ibil i ty wi t h storage, wh i ch r esul ts in a higher R/E 

rati o . This tre nd is conf irmed by the a l veograp h ic da t a on tenac ity 

and ex tensibi l i ty. 

An i ncrease of t he deformation work is f u r ther to be pOin ted out 

(thi s phe nomenon be i ng more mark e d i n the samp l es s t ore d in n itrogen 

atmosphere). Obviously it is higher i n hard wheat and resu l ts from 

the h i gher s tabi l ity of doughs ob ta i ned from s t ored wheat fl o ur. 

In s ummary, the test at overc rit i ca l mo i stu r e content revealed 



wTable 4 - Rheological parameters of three varieties soft wheat flours at over critical humidity at 
otrial 's start (time "0") and after 32 weeks storage in air and in technical nitrogen 
~ 

Cappelle Red spring Marzotto 

0 A N 0 A N 0 A N 


FARINOGRAMME 

Resistance (sec) 3'00 l' 10" 1 '45" 5'40" 2' 05" 2' 25" 3' 15" 1 ' 40" 2'00" 

Degre e of so£tening ( B . rr . ) 110 105 75 70 , 40 30 100 60 75 

EXTEN SO GRAMME 

Resistance (R) (cm) 7.9 3.6 10 .3 4.8 15.7 14.6 6.6 10.7 11.7 

Extensibility (E) (cm) 15.6 10.4 14.3 21.4 14.5 13.0 16.3 8.5 9.2 

RlE 0.50 0.35 0.73 0.22 1.08 1.12 0.40 1.26 1.27 

ALVEOGRAMrm 

Stability (p) (mm) 38.6 70.9 56.2 113.6 145.0 130.0 73 .4 110.2 114 .5 

Extensibility (1) ( rnm) 98.0 38.0 74.0 76.0 97.0 87.0 39.0 39. 5 36.0 

Deformation work (W) (erg 103) 124.0 140.0 159.6 311.2 401.8 410.3 142.0 141 .6 171.0 

HAG BERG-PERTEN INDEX 215 229 201 303 406 396 389 401 413 
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that s amples store d in ai r are sub jec t t o i mpo r t a n t n e g a tive changes, 

whila the samp l e s stored i n n itroge n we r e a f f ected i n a l es s er nega

tive way. 

Sto r age o f du r um whe at 

Durum wh e at sto r ag e in n i tro g e n (She jba l, 1976 ) Itl a S al s o tested. 

The trial, carried ou t on a pilot s c ale , conc ern ed I talian wheat of 

undetermine d vari ety , har v e sted in Pug l ia, and a rtificial l y mo i st

ened. 

As c an be see in tab le 5 it r esul ts t h at: 

germinati on c apac i ty is r educed in a ir (a mas sive i nfestation of 

the aerated sample store d took place ) 

chemi cal physica l p a rameters of s emol i na ob tained f r om the samp l es 

store d in air and in nitro g en are c ons tant 

mo u ld c o unt s in all samples d i d not i ncreas e. 

Table 5 - Characteristics of durum wheat and semolina at the beginning 
of the experiment (time "0") and after 24 weeks of storage 
in air and technical nitrogen 

After 24 weeks 
Analysis Time "0" in air in nitrogen 

H
2

O (%) 13.5 13.7 13 .2 

Germinative capacity (%) 93 70 92 

Gluten (% d.m.) 10.3 10.4 10 .4 

Total proteins (% d .m.) (Nx5. 70) 11. 6 11. 4 11. 5 

Degree of softening (B. U.) 70 50 40 

CONCLUS ION 

The total r esul ts o f tha r heological t es t s i ndicate that soft a nd 

du rum wheat storage in a ni trogen atmo sphe r e does not cause any 

adv erse effect on the technolog i c al q uali ty o f the product , so tha~ 

the u s e of nit r ogen can be c ons idered benefic i al espec ially si n c e the 

s amp les store d at high mois ture conten t s are protected by anox ia in 

respect to the contro l s preserved in air. 
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